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Abstract: Chemistry laboratories ordinarily involve a number of visual observations and require 
qualitative and quantitative explanations of these observations. A student with blindness at 
Truman State University successfully completed the laboratory portion of the nonmajors liberal 
arts chemistry course with the assistance of a senior undergraduate chemistry education major, 
the guidance of a chemistry professor with blindness, and a variety of alternative laboratory 
methods. Volumes were measured using a notched syringe or the graduated cylinder pipet 
technique. Changes in color were measured by a Color Analysis Laboratory Sensor (CALS) 
and a Submersible Audio Light Sensor (SALS). Balance and Vernier probe measurements were 
recorded using Vernier data acquisition software (Logger Pro 3.6) and Job Access with Speech 
(JAWS) screen review software. This paper reports the impact of these alternative methods on 
the level of participation of the student with blindness for the following experiments: Density 
Determination, Flame Emissions Tests, Simulation of the Measurement of Hemoglobin in the 
Blood Using Spectrophotometry, the Investigation of Hydrates, the Study of Chemical Reactions 
in Everyday Life, and Titrations. The Solutions, the Soap-Making, and Paper Chromatography 
laboratories are not reported. All the laboratories except the Density laboratory are part of the 
Chemistry 100 curriculum at Truman State University (“CHEM 100”, 2010).
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INTRODUCTION
According to the College Freshmen with 
Disabilities: A Biennial Statistical Profile, 
approximately 10.4% of workers are people 
with disabilities with only 2.7% involved 
in the science and engineering disciplines 
(American Council on Education, 1999). This 
small percentage is not a result of a lack of 
interest in science but a lack of access to science 
(Wexler, 1961). To prevent discrimination 
against individuals with disabilities and to 
uphold their equal participation in society, 
Congress established a legal framework of 
the full range of educational opportunities 
for persons with disabilities. These laws 
include the Rehabilitation Act of 1973; the 
Individuals with Disabilities Education 
Act (IDEA) of 1975; the Americans with 
Disabilities Act (ADA) of 1990; the 1997 
Amendments to IDEA; and the Amendments 
to IDEA 2004. Educators have a defined 
set of responsibilities to ensure that no 
qualified students with disabilities can be 
excluded or deprived of benefits based on 
their disabilities according to Section 504 of 
the Rehabilitation Act of 1973. Most students 
who were blind and low-vision (BLV) did 
not participate in laboratory activities or they 
were severely limited before the inclusion 
laws were effective. With newly developed 
adaptive tools and other accommodations, 
students with disabilities can be fully 
included in the classroom because “a physical 
disability should never exclude a student 
from an educational activity as important as 
laboratory work” (Miner, Nieman, Swanson, 
& Woods, 2001). All students should obtain a 
basic understanding of chemistry and science 
to become well-educated citizens, capable of 
making decisions and participating in day-to-
day life (Wexler, 1961).
The paucity of published articles pertaining to 
laboratory accommodations for students who 
are blind or with low-vision are reviewed by 
Wexler (1961), Cetera (1983), and Supalo et al 
(2007). Some case studies describe methods 
and adaptations that involve students with 
BLV in the science classroom via new or 
adapted curricula. These cases, however, have 
not been duplicated to test their reliability, and 
they do not include post-secondary scenarios 
(Erwin, Perkins, Ayala, Fine, & Rubin, 2001; 
Supalo et al, 2009; Wild & Allen, 2009). By 
using computers with Vernier software along 
with three-dimensional manipulatives, more 
students with disabilities can participate in 
chemistry classrooms and laboratories, giving 
them a more “hands-on” experience (Supalo 
et al, 2007). These tools and accompanying 
audio descriptions enable students to acquire 
and retain scientific information (Schmeidler 
& Kirchner, 2007). The expanding resources 
available on the internet give teachers ideas 
for making and acquiring three-dimensional 
manipulatives. Generally, these websites 
and online journal entries are lists of tools 
and their uses (Mallouk et al, 2010; Supalo, 
2005; Supalo, Mallouk, Rankel, Amorosi, & 
Graybill, 2008; Supalo et al, 2009; Rankel & 
Winograd, 2010). It is essential to continue 
developing these ideas and investigating their 
efficacies to attain an inclusive environment 
for both the lecture and laboratory components 
of the class. 
A student with blindness at Truman State 
University successfully completed the 
laboratory portion of the nonmajors liberal 
arts chemistry course with the assistance of 
a senior undergraduate chemistry education 
major and the guidance of a chemistry professor 
with blindness. Few articles pertaining to 
college students with BLV succeeding in 
introductory chemistry courses have been 
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published despite an occasional paper or 
poster presented at meetings of the American 
Chemical Society Division of Chemical 
Education, The National Science Teachers 
Association, or the American Association for 
the Advancement of Science. This case study 
provides a description of the techniques used 
and their effectiveness in specific laboratory 
activities. Not all the laboratory experiments 
performed during the semester as part of the 
Chemistry 100 laboratory curriculum are 
included in this case study; the solutions, 
the soap-making and paper chromatography 
laboratories are not reported. The student 
with blindness did not successfully complete 
every activity independently. Ideas and tips 
for implementing those that worked well are 
incorporated. 
A CASE STUDY
The nonmajors chemistry course serves 
as a basic introduction to the principles 
of modern chemistry and their applica-
tions to social, economic, and political 
issues (“CHEM 100”, 2010). An English 
education student with blindness enrolled 
in this course to fulfill a science liberal arts 
requirement. She voluntarily contributed to 
this project to help future students who are 
blind or low-vision succeed in chemistry 
courses (Wohlers & Hoffmann, 2008). This 
class and laboratory were her first experi-
ences with science since early high school. 
The laboratory portion of this course posed 
many obstacles due to the required tech-
niques, visual observations, and visual con-
firmations (“CHEM 100”, 2010). To meet 
the laboratory requirements of the course 
and to enhance the learning experience the 
student, the assistant, and the chemistry pro-
fessor with blindness met once per week 
for approximately three hours in his faculty 
research laboratory. 
Modified Tools
Most of the tools and equipment used are not 
commercially available, but can be found on 
the Independent Laboratory Access for the 
Blind (ILAB) website (Mallouk et al, 2010). 
A disposable plastic syringe was custom-
ized to measure small volumes of liquid by 
cutting notches along the plunger at specific 
increments (De Lucchi & Malone, 1982; 
Mallouk et al, 2010). The student measured 
the volume of a liquid by running her fingers 
along the plunger as she drew in the liquid. 
Additionally, a graduated cylinder and a 
disposable, plastic transfer pipet were used 
to measure larger volumes inexpensively 
(Figure 1). The pipet must be calibrated to 
Figure 1. Volume Determination. The 
student used the calibrated plastic transfer 
pipet in the graduated cylinder to measure 
volumes.
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the specific graduated cylinder by placing the 
tip of the pipet into the cylinder at the highest 
graduated marking. Tape is then wrapped 
around the exposed stem of the pipet. The tape 
indicates how far into the graduated cylinder 
the pipet must be placed to remove the excess 
liquid. The graduated cylinder is filled to the 
top with liquid using a wash bottle, and the 
excess liquid is drawn out using the plastic 
pipet. The student placed her fingers on the 
tape of the plastic transfer pipet and the top 
of the graduated cylinder. She then indepen-
dently removed the excess liquid. Using these 
two economical techniques, students who 
are BLV can independently measure varying 
volumes. 
Job Access with Speech (JAWS) (Freedom 
Scientific, Inc., 2010) and Logger Pro 3.6 
from Vernier Software and Technology were 
installed on the computer (Vernier Software 
& Technology, 2010) as recommended by 
Supalo, et al (2007). With these computer 
applications, different probes and tools, 
including the Ohaus Scout Pro Balance, were 
connected to the computer (2007; 2009), 
which gave the student greater independence. 
These tools and methods allowed the student 
to participate in laboratory activities with 
minimal assistance. 
Lab Familiarization 
Students who are blind have a wide range 
of spatial awareness, but every student ben-
efits from a well-organized laboratory bench 
to prevent spills and help with organiza-
tion (Committee on Chemical Safety, 2003). 
On the first day, the student with blindness 
and her assistant walked around the room 
exploring every section, including the labo-
ratory bench, and locating safety equipment: 
the exit, fire extinguisher, safety shower, and 
fume hood. A textured mat was placed on 
the floor in front of the sink to serve as a 
“home base,” allowing her to remember the 
sections of the laboratory. By keeping the 
laboratory floor free of clutter and obstruc-
tions, as suggested by the Committee on 
Chemical Safety (2003), the student moved 
independently and self-assuredly. Although 
laboratory cleanliness is generally consid-
ered good practice, it is particularly critical 
for students who are BLV. 
The computer and any associated probes and 
balance were always located on the counter 
to the right of the mat. A Styrofoam block 
elevated the computer to prevent damage 
from spills (Rankel & Winograd, 2010). A 
food tray placed on the counter between the 
sink and the computer held any glassware 
or chemicals used for the day (Committee 
on Chemical Safety, 2003). Whenever the 
student needed glassware or chemicals, she 
could locate the food tray and carefully find 
the needed item. 
Density
Students undertake density activities to 
understand multiple ways to perform calcu-
lations and solve problems. The first activity 
in the revised curriculum for the student with 
blindness involved finding the densities of a 
paperweight and a collection of dimes using 
two different methods of volume determina-
tion. Although this activity was not included 
in the curriculum of the sighted students, it 
was instructive for the student with blind-
ness to learn to use a balance and measure 
volumes. The student found the mass of the 
paperweight using a balance connected to 
the computer. She then calculated the volume 
by measuring the height and diameter of the 
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cylindrical paperweight using the millimeter 
increments on an etched ruler. The assistant 
had the student feel each etching with her fin-
gernail. Although it was difficult for her to 
ensure each etching was counted, the student 
succeeded in measuring the dimensions. This 
laboratory application solidified her under-
standing of the metric system. To demon-
strate the factor-label method, the professor 
with blindness used a Perkins Braille writer. 
The student also determined the density of 
eight dimes using a balance and the gradu-
ated cylinder-pipet technique. She found the 
masses of the empty graduated cylinder, the 
cylinder filled with water to the 50 milliliter 
mark (Figures 1), and the eight dimes. She 
placed the dimes in the cylinder with the 50 
mL of water and removed the water above 
the 50 mL mark with a taped, plastic trans-
fer pipet. She found the mass of the graduated 
cylinder with the remaining water and dimes. 
To obtain the mass of the remaining water 
she subtracted the mass of the cylinder and 
the mass of the dimes from the mass of the 
cylinder with the remaining water and dimes. 
To determine the mass of the displaced water, 
she subtracted the mass of the remaining 
water from the mass of the 50 mL of water. 
By dividing the mass of the displaced water 
by its density, she was able to determine the 
volume of the displaced water, and thus the 
volume of the dimes. 
This activity did not require significant adap-
tations, and the student could have completed 
the task independently had she been more 
familiar with the laboratory techniques. The 
density determination laboratory allowed 
her to practice new methods and familiar-
ize herself with the materials and equipment 
used in the laboratory. These measurements 
provided the student with an opportunity to 
manipulate interrelated and quantitative labo-
ratory data. The difference technique employed 
in this laboratory was paralleled later in the 
semester in the hydrates laboratory. 
Atomic Spectra: Energy, Light,  
 and the Electron 
Students perform flame emission tests on 
seven different metal compounds by dipping 
wire loops into solutions and holding them in 
the flame of a gas burner. By observing the 
color in the flame, students must identify the 
metal cations in unknown solutions (“CHEM 
100”, 2010). 
This activity required the student to learn how 
to light a gas burner. The student with blind-
ness was asked to feel the striker and how 
the parts moved. Her assistant demonstrated 
Figure 2. Lighting the Gas Burner. This 
figure illustrates the blind student’s hand 
placement and the assistance of the sighted 
assistant as she lit the gas burner.
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how to hold the striker and create sparks. The 
assistant positioned the hand of the student 
and confirmed when the student made sparks 
(Figure 2). As the student listened to the gas 
run through the burner, the assistant posi-
tioned the striker above the burner. Fear and 
apprehension caused her to jerk the striker 
away from the burner. If the assistant held the 
wrist of the student still, she was able to light 
it! Successfully experiencing the lighting of 
the burner increased the self-confidence of 
the student and enabled her to accomplish 
future tasks. After the student dipped the 
wire in a solution, the assistant guided the 
student to the flame by supporting the wrist 
of the student and described what was hap-
pening. The student recorded the results in 
an Excel™ spreadsheet, which allowed her to 
analyze the data and complete the experiment. 
The assistant and the professor with blindness 
were successful in helping the student learn 
to light a gas burner. 
An alternative approach in conducting a 
flame test involves using an evaporating dish 
with salts and ethanol. By creating an alumi-
num foil cylinder shield around the evapo-
rating dish with an opening in the front, a 
student could detect the resulting flame color 
using the optical fiber from a spectrometer 
(L. Rankel, personal communication, March 
26, 2010). More spatially aware students with 
blindness have completed this large-scale 
flame test with little guidance, thus greatly 
enhancing their laboratory experience. It is 
critical for students to practice new skills in 
the laboratory for them to build confidence 
before beginning new experiments. If addi-
tional time cannot be given, students who 
are BLV will not feel comfortable with their 
surroundings, making it difficult to proceed 
independently with laboratory activities. 
Simulation of Measurement of Hemoglo-
bin in Blood by Spectrophotometry 
This activity requires students to create solu-
tions of known concentrations of iron(III) 
thiocyanate, use spectrophotometers to 
create a calibration curve, and determine 
the concentration of an unknown solution 
using the calibration curve. The students 
must make their solutions from the provided 
stock solutions by using repipeters, drop-
pers, and volumetric flasks. Then they find 
absorbance values for each solution using 
a spectrophotometer and record their data 
in Excel™. With their information and the 
spectrophotometer, the students determine 
the concentration of an unknown sample 
(“CHEM 100”, 2010). 
The student with blindness completed this 
laboratory almost independently, because 
she was familiar with the environment. She 
began by connecting the computer and spec-
trophotometer and initializing the instru-
ment. Using the pumping and repipetting 
methods she created all of the solutions nec-
essary for the experiment. Then she filled the 
volumetric flask with distilled water nearly 
to the mark using a wash bottle. By pouring 
the solutions into beakers and by placing 
them on the food tray in a specific order, 
the student was able to access the solutions 
without the help of the assistant. 
The blind student and the assistant counted how 
many squeezes it took for an eyedropper to fill 
a cuvette. The student practiced this technique 
using water to develop a consistent squeezing 
pattern. After determining the correct number 
of squeezes, she was able to fill each sample 
independently. Using Logger Pro and JAWS the 
student recorded absorbance values in Excel™ 
for later interpretation. A calibration curve 
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using Braille paper with grid lines and pencil 
eraser sized adhesive dots can be created using 
this information (Supalo, 2005). 
Hydrates: An Investigation of   
Moisture-absorbing Compounds 
Part One of this laboratory activity allows stu-
dents to qualitatively determine the presence 
of water in copper(II) sulfate pentahydrate. 
A test tube containing a sample of hydrated 
copper(II) sulfate is held over a gas burner. 
After the water is released from the compound, 
students try to change the crystals back to their 
original color and record their observations. In 
Part Two, they determine the percent of water 
in hydrated magnesium sulfate by heating the 
compound in a crucible over a gas burner until 
the water is evaporated. Students are expected 
to determine the endpoint by finding a con-
stant mass after completing the heating steps 
(“CHEM 100”, 2010). 
For Part One, the student with blindness 
determined the mass of the test tube and 
the copper (II) sulfate before and after the 
heating process using a balance, computer, 
and JAWS. As she heated the test tube, the 
process seemed endless because the student 
could not observe the change. It was diffi-
cult for her to keep the test tube steady in the 
flame; therefore, the assistant held her wrist to 
keep the sample in the flame while maintain-
ing a safe distance. The assistant expedited 
the process by confirming when the sample 
was dehydrated, but the student could have 
completed this independently by finding the 
mass of the test tube throughout the heating 
period. After removing the water from the 
copper (II) sulfate pentahydrate sample, the 
student used the Color Analysis Laboratory 
Sensor (CALS) on the outside of the test 
tube to confirm the change in color. After 
being calibrated on a piece of white paper, 
the CALS reports the red, green, and blue 
components of an object. Thus, the CALS 
can be used to examine the reaction progress 
(Mallouk et al, 2010). It was helpful to prac-
tice with the CALS using different colors of 
paper and other materials to help the student 
understand how the probe worked and how 
helpful it could be. (The CALS is a prototype 
device developed at the Pennsylvania State 
University for the ILAB project and not com-
mercially available from this institution.)
With a different method, the student found the 
percentage of water in a copper (II) sulfate 
pentahydrate for Part Two. The student found 
the mass of a clean and dry crucible, while 
her assistant prepared the ring stand, wire 
triangle, and gas burner apparatus to facili-
tate the process. After heating and cooling 
the crucible and sample, the student calcu-
lated the percentage of water in the hydrated 
crystal by reweighing it. She confirmed the 
color change with the CALS. If she had per-
formed Part Two with a sample of magne-
sium sulfate heptahydrate, as written in 
“CHEM 100” (2010), she would have been 
unable to use the CALS because of the 
absence of color change. 
Chemical Reactions in Everyday Life 
In this activity, students explore solubility 
rules by mixing different solutions (“CHEM 
100”, 2010). They mix nine different solu-
tions together by placing 2-3 drops of each 
reactant in plastic wells in various combina-
tions. They record whether they observe a 
reaction, precipitate, cloudiness, or efferves-
cence with each mixture. Then they deter-
mine the identity of an unknown solution by 
testing it with each of their original reactants, 
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with phenolphthalein to determine if it is an 
acid or base, and with a flame test to deter-
mine the cation (“CHEM 100”, 2010). 
The directions were followed as written for 
a sighted student with minimal modifica-
tion. The student with blindness directed 
the assistant to mix 2-3 drops of each reac-
tant in a tray. The student predicted the out-
comes based on her understanding of the 
solubility rules and obtained and recorded 
observations from the assistant, which was 
useful for her tests in the lecture portion of 
the class. The use of the director-assistant 
method allowed the student to play a more 
proactive role in conducting the experiment. 
A student who is BLV can perform this labo-
ratory independently by using approximately 
5-10 mL of each reactant in a test tube with 
the aid of a notched syringe or a taped pipet. 
After letting the reaction occur, the student 
could confirm her predictions using the 
“prototypical” Submersible Audible Light 
Sensor (SALS). The SALS can be used to 
monitor the progress of a reaction because it 
provides readings of light levels in real time 
(Supalo et al, 2008). (The SALS prototype 
device may become commercially avail-
able through the American Printing House 
for the Blind.)This handheld device can be 
placed in test tubes and other glassware to 
detect changes in light during titrations, 
color changing reactions, and precipitation 
reactions. The lighter solutions allow more 
llight to be detected, resulting in a higher 
pitch; the darker solutions cause a lower 
pitch (Supalo et al, 2008). Results recorded 
in Excel™ using JAWS allow the student to 
notice patterns in reactivity. 
Determination of Citric Acid   
in Fruit Juices 
The purpose of this laboratory activity intends 
to determine the concentration of citric acid in 
orange, grapefruit, lemon, and lime juices by 
titrating them with a known concentration of 
sodium hydroxide. Students work with part-
ners to perform titrations on two juices using 
phenolphthalein as the indicator. They create 
sample solutions by measuring volumes of the 
juices and water in graduated cylinders. The 
students titrate the different juice solutions 
with sodium hydroxide while constantly swirl-
ing the juice sample until one drop of sodium 
hydroxide causes the permanent appearance 
of a pink color in the solution (“CHEM 100”, 
2010). They perform three trials for each juice. 
The partners then work with another group to 
combine their data to determine the concentra-
tions of citric acid in all four juices. 
The student with blindness performed these 
measurements and titrations independently. 
She performed the volume measurements 
using a taped, plastic transfer pipet with a 
graduated cylinder. Once again, to make it 
easier to pour the solutions, the student used 
wash bottles to add the liquids to the gradu-
ated cylinders. The arrangement of the sup-
plies was maintained throughout the experi-
ence to allow the student to work more inde-
pendently. The solution was titrated using the 
SALS and listening for the change in pitch 
(Figure 3). It would have been helpful to prac-
tice with the probe more before performing 
the experiment because the visual endpoint 
seemed to occur at a different point than the 
SALS was indicating. This may have resulted 
from not stirring the solution with the SALS 
probe, or it may have occurred from lack of 
practice. This technique could be refined 
with more time. The student then recorded 
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the volume changes and was able to perform 
all of the calculations on the computer using 
Excel™. She performed three trials for two of 
the assigned juice samples. 
CONCLUSIONS
By taking time to introduce the student 
with blindness to the laboratory setting, the 
student became comfortable in her environ-
ment. The student worked at her own speed, 
uninterrupted by impatient classmates. Thus, 
she was given ample time to contemplate 
challenging new ideas. Her experience with 
lighting the gas burner in the beginning of the 
semester provided an impetus for building 
confidence and allowed the student to under-
stand how successful she could be with per-
severance.  With practice the student became 
confident in her abilities to find volumes, and 
she seemed more comfortable with the taped, 
plastic transfer pipet than the notched syringe. 
Because the balance was connected to the 
computer, the readings could be announced 
by JAWS or later reviewed by the student. 
These few adapted tools allowed the student 
to be successful and to work almost self-suf-
ficiently at a variety of experiments.  The 
student gained confidence in the laboratory, 
which clearly helped her in the lecture com-
ponent of the class.  
Students who are BLV must learn modified 
techniques; therefore they may require more 
time to accomplish these goals.  Mechanically 
adept and spatially aware blind students can 
lead the sighted laboratory partners or partic-
ipate equally in a regular teaching laboratory 
situation (Wang, 2007).  Due to time con-
straints in this case, the assistant often per-
formed the techniques the student had previ-
ously mastered, allowing the student to con-
centrate on key ideas of each activity. 
According to Wild and Allen, “Individ-
ual research efforts conducted in isolation-
-that is, those that are not duplicated or built 
upon questions raised in the literature--will 
not move the field forward” (Wild & Allen, 
2009). Some tools and manipulatives are 
being developed and modified, but more 
case studies should be performed and docu-
mented to obtain data about these tools to 
prove their reliability. Ultimately, it would 
be beneficial to compile lists of all known 
tools, manipulatives, modifications, and case 
studies into one area and organize it by level 
Figure 3. Titration with SALS. The figure 
exhibits the titration equipment and the SALS 
probe.
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and subject.  With more accessible tools, 
students who are BLV might have greater 
success in science, which might increase 
their interest (Supalo et al, 2007).
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